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EXECUTIVE SUMMARY 

This document provides a descnption of the models selected to perform groundwater, surface-water, 
and air modeling for Rocky Flats Plant Operable Unit No 6 (OU6) in support of the Human Health Risk 

Assessment (risk assessment), which is part of the OU6 Phase I Resource Conservation and Recovery 

Act (RCRA) Facility Investigation/Remedial Investigation (RFVRI) This document does not descnbe 

the details of the implementation of selected models to the site-specific conditions at OU6, that will be 
descnbed in detail in the Phase I RFI/RI Report 

The objective of the modeling is to support the Human Health Risk Assessment portion of the RFI/RI 
Report for OU6 This will be accomplished by simulating the transport of chemicals of concern from 

OU6 to potential exposure points for human receptors under present and anticipated future site 

conditions 

A conceptual site model (CSM) has been developed to identify and evaluate the chemical source areas, 
chemical release mechanisms, environmental transport media, potential human intake routes, and 

potential human receptors at OU6 The purpose of the CSM IS to identify human exposure pathways 

to be quantitatively evaluated in the Human Heath Risk Assessment Exposure pathways chosen for 

evaluation in the nsk assessment that include transport media such as groundwater, surface-water, and 

air, may require fate and transport modeling to estimate chemical exposure point concentrabons The 
following document descnbes the exposure pathways to be evaluated in the Human Health Risk 

Assessment that will require such modeling and identifies the mathematical models that will be used 

to estimate exposure point concentrations The models are based on data that have been collected 

at the site as part of the Phase I RFI/RI for OU6 At the bme this technical memorandum was 

prepared, only a portion of the soil and groundwater data from the Phase I investigation were available 

I f  additional data that are substantially different than those used in developing this technical 

memorandum become available, revisions to the modeling approach may become necessary 

The following models were selected to meet the requirements and objectives of the modeling study 

e The ONED3 analytical model for groundwater contaminant fate and transport Also, 

water balance analyses will support the ONED3 analyses 

The watershedlwater quality model HSPFS for surface-water fate and transport 

(MTM3) (01-14-94 1 1  25arn) 
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- 
The Superfund Exposure Assessment Manual (SEAM) Models for soil gas fate and 
transport, a box model for on-stte ambient air contaminant fate and transport, and 
Fugitive Dust Model (FDM) for off-slte ambient air contaminant fate and transport of 
OU6 source air emissions 

I 

Data available for use as input for the modeling activihes were evaluated based on a review of previous 
and ongoing investigations, and general literature Tables 3-1, 3-2, 3-3, and 3-4 summanze the data 
currently available to estimate model input parameters Additional data from the Phase I RFI/RI 
investigation will be used in the modeling effort once those data become available 

The data presented in Tables 3-1, 3-2, 3-3, and 3-4 are preliminary and, in some cases, are not site 
specific The data values or ranges of values are not intended to be fixed or final The ranges are 
presented to convey what is currently known of the potential vanability in the parameter values that may 
be used in the models 

(MTMJ) (01-14-94 11 25am) 



I '  
' I  
I 

E G G  ROCKY FLATS PLANT Manual 21 100-WP-OU6 01 
RFllRl Work Pian for OU6 

Secbon 
Page 
Effective Date 
Organuation 

Appendo: I Rev 0 
5 Of 45 

01114194 
Environmental Management 

1 0  
INTRODUCTION 

This document provides a descnption of the models selected to perform groundwater, surface water, 
and air modeling for the OU6 Human Health Risk Assessment The results of the modeling will be 
used as exposure point concentrations in the Human Health Risk Assessment, which is part of the OU6 
Phase I RCRA RFI/RI The RFVRI is being conducted pursuant to the Compliance Agreement between 
the U S Department of Energy (DOE), the U S Environmental Protection Agency (EPA), and the State 
of Colorado Department of Health (CDH), dated July 31,1986, and the Federal Facility Agreement and 
Consent Order (FFACO) [known as the Inter-Agency Agreement (IAG)], dated January 22, 1991 The 
DOE Environmental Restoration Program (ERP) was formed to identify, investigate, and if necessary, 
remediate contaminated sites at DOE facilities The program, in fulfilling this mission, addresses RCRA 
and Comprehensive Environmental Response, Compensation, and Liability Act (CERCIA) issues In 
accordance with the IAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" in this 
document are considered equivalent to the RCRA terms "RCRA Facility Investigation" and "Corrective 
Measures Study," respectwely 

This technical memorandum is intended for review in conjuncbon with the Human Health Risk 
Assessment Exposure Scenarios Technical Memorandum for OU6 (DOE 1993) The reader of this 
technical memorandum IS referred to that document for additional information or details on the exposure 
scenanos to be used for OU6 

The remainder of Section 1 0 includes a discussion of the purpose of this technical memorandum, the 
objectives of the modeling actrvities (Section 1 l), and a brief descnptton of the site location and general 
site conditions (Section 1 2) Section 2 0 presents the conceptual site model and exposure pathways 
to be evaluated in the nsk assessment for OU6, and Section 3 0 presents descnptions of the selected 
models for groundwater, surface water, and air, and a summary of model input parameter values 
Section 4 0 presents a summary, and Section 5 0 is a list of references used in prepanng this technical 
memorandum 

1 1 PURPOSE AND SCOPE 

The purpose of this document is to provide a descnption of appropnate groundwater, surface water, and 
air models for use at OU6 This document fulfills the IAG requirements (IAG 1991, Section VI1 D 1 b) 
that state 

(MTMB) (01 14-94 11 25am) 
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" DOE shall submit for review and approval a descnpbon of the fate and transport models that 
will be utilized, including a summary of the data that will be used with these models 
Representative data shall be utilized, and the limitations, assumptions and uncertainties 
associated with the models shall be documented " 

The model selection process focuses on models appropriate for simulating processes affecting the 
migration of contaminants through the saturated zone, the unsaturated zone, surface water, and the 
airborne transport of contaminants Model selectton is based on the general site conditions outlined 
in this document and in the Phase I RFllRl Work Plan for OU6 (DOE 1992a) Site-specific data will 
be incorporated into the models 

Modeling activity quality assurance is covered by the site-wide quality assurance plan (EGBG 1991a) 
Modebng quality assurance (QA) includes model venfication, checks on calculations, and technical 
review of modeling methods, assumptions, results, and interpretations 

The objective of the modeling is to support the Human Health Risk Assessment portion of the RFI/RI 
Report for OU6 This will be accomplished by simulating the transport of chemicals of concern from 
OU6 to potential exposure points for human receptors under present and anticipated future site 
conditions 

1 2 SITE LOCATION AND GENERAL SITE CONDITIONS 

The Rocky Flats Plant (RFP) is a government-owned and contractor-operated facility that is part of the 
nationwide nuclear weapons production complex RFP was operated for the U S Atomic Energy 
Commission (AEC) from the RFP's inception in 1951 until the AEC was dissolved in January 1975 At 
that time, responsibility for RFP was assigned to the Energy Research and Development Administration 
(ERDA), which was succeeded by DOE in 1977 Dow Chemical USA, an operating unit of The Dow 
Chemical Company, was the pnme operating contractor of the facility from 1951 until June 30, 1975, 
when it was succeeded by Rockwell International On January 1, 1990, EGBG Rocky Flats, Inc 
succeeded Rockwell International 

RFP's pnmary mission has been to produce metal components for nuclear weapons These 
components are fabncated from plutonium, uranium, and nonradioactive metals (pnncipalty beryllium 
and stainless steel) Current waste handling practices involve on-srte and off-slte recycling of 
hazardous matenal, on-site storage of hazardous and radioactwe mixed wastes, and dlsposal of solid 
radioactive matenals at another DOE facility However, histoncally, the operating procedures included 

(MTM3) (01-14-94 11 25am) 
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both on-site storage and disposal of hazardous and radioactwe wastes Preliminary assessments under 

the ERP identified some of the past on-site storage and disposal locations as potenttal sources of 

environmental contamination 

RFP is located on 6,550 acres of federally owned land in northern Jefferson County, Colorado, 

approximately 16 miles northwest of Denver (Figure 1-1) Surrounding ctties include Boulder, 

Broomfield, Supenor, Westminster, and Arvada, which are located less than ten miles to the northwest, 
east, and southeast Within RFP is a Protected Area (PA) or secunty area surrounded by a buffer zone 

of approximately 6,150 acres A general descnption of RFP is presented in this section For a more 
detailed description, please refer to the RFI/RI Work Plan for OU6 (DOE 1992a) 

This Phase I RFVRI modeling technical memorandum addresses OU6, which is the Walnut Creek 

Pnonty Drainage located north and east of the RFP secunty area Figure 1-2 shows the locations of 

this area, and the IHSSs within OU6 The followtng sites are designated as IHSSs at OU6 

A-senes ponds (IHSSs 142 1 ,  142 2 ,  142 3, and 142 4) 

B-senes ponds (IHSSs 142 5, 142 6,  142 7, 142 8, and 142 9) 
Pond at the intersectton of Walnut Creek and Indiana Street (IHSS 142 12) 

North, Pond and South Area Spray Fields (IHSSs 167 1 ,  167 2,  and 167 3) 
Trenches A,  B, and C (IHSSs 166 1 ,  166 2 ,  and 166 3) 
Old Outfall (IHSS 141) 
Sludge Dispersal Area (IHSS 143) 

Tnangle Area (IHSS 165) 

Soil Dump Area (IHSS 156 2) 
East Spray Field (IHSS 216 1) 

A more detailed descnption of each IHSS and the types of associated contamination can be found in 

the Phase I RFVRI Work Plan for OU6 (DOE 1992a) 

1 2 1 Physical Setting 

The natural environment of RFP and its vicinity is influenced pnmanfy by its proximtty to the Front 
Range of the Rocky Mountains RFP is directly east of the north-south trendmg Front Range and IS 

located approximately sixteen miles east of the Continental Divide, on a broad, eastward-sloping plain 
of coalescing alluvial fans developed along the Front Range at an elevatton of approximately 6,000 feet 
above mean sea level The fans extend approximately five miles in an eastward direction from their 

(MTM3) (01-14-94 1 1  25am) 
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- -  - 
ongin at Coal Creek Canyon and terminate on the east, at a break in the slope, as low rolling hills The 

~ __ 
operabonal area at RFP is located near the eastern edge of the fans on a terrace between streamcut 

valleys (North Walnut Creek and Woman Creek) 

ci f- 

Three intermittent streams drain RFP with flow generally from west to east These drainages are Rock 

Creek, Walnut Creek, and Woman Creek Rock Creek drains the northwestern corner of RFP and 
flows northeast through the buffer zone to its off-site confluence with Coal Creek North and South 

Walnut Creeks and an unnamed tnbutary drain the northern portion of the RFP Protected Area These 

three forks of Walnut Creek join in the buffer zone and flow toward Great Western Reservoir, which is 

approximately one mile east of the confluence This flow is currently routed around Great Western 

Reservoir by the Broomfield Diversion Canal operated by the City of Broomfield Woman Creek drains 

the southern RFP buffer zone and flows eastward to Standley Reservoir OU6 is the Walnut Creek 

drainage and is bounded on the north by the unnamed tnbutary to Walnut Creek and on the south by 
the land south of the B-senes ponds on South Walnut Creek 

1 2 2 Meteorology 

In general, winds blow from northerly through westerly directions approximately 64 percent of the year 

Southerly wind directions occur with less frequency (approximately 20 percent of the year), while 

easterly wind directions are infrequent (only 1 1  percent of the year) Wind patterns are heavily 
influenced by synoptic scale meteorological patterns, convective storms, and mountainhatley flows 

The wind speeds are greatest from the northwesterly direction Wind speeds in excess of 15 meters 
per second (34 miles per hour) are regularly observed Winds are calm approximately 5 percent of the 

year Figure 1-3 presents a wind rose illustrating wind patterns in the region for the year 1990 This 

wind rose is generated from wind speed and direhon data recorded at an on-site meteorological tower 

at a rnonitonng height of 61 meters 

Atmospheric stability at the site is generally neutral (Class D) to slightly stable (Class E) Penods of 
very stable (Class F) and unstable (Class A through C) stability occur less than 20 percent of the year 

(DOE 1992b) Neutral to slightly stable conditions generally allow for uniform dispersion of 

contaminants Very stable atmosphenc condtttons inhibrt dispersion Unstable atmosphenc condhons 
aid in dispersing contaminants 

Precipitation at the Rocky Flats Plant averages 380 millimeters (15 inches) per year A majonty of the 
precipitabon is in the form of snowfall and occurs dunng the wnter and spnng seasons Average 

(MTM3) (01-14-94 1 1  25am) 
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annual total snowfall is 2160 millimeters (85 inches) The summers are generally dry with isolated 
thunderstorms contnbuting up to 30 percent of the annual preapttation Autumn is the dnest penod of 

the year Annual potential free-water evaporation is approximately 1 1  44 millimeters (45 inches) which 

is significantly greater than the annual precipitation (DOE 1992b) 

1 2  3 Geology 

The near-surface geologic matenals at RFP consist of surficial unconsolidated deposits and shallow 
bedrock The surficial deposits at OU6 consist of pediment alluvium, colluvium, valley fill alluvium, and 

artificial fill that unconformabty overlay bedrock (Figure 14) SuFficial deposits at RFP  are Quaternary 

(Pleistocene-Holocene) in age Near-surface bedrock consists of the Arapahoe and Laramie 

Formations, which are Cretaceous in age The regional dip of the bedrock in the vicinity of OU6 in 

approximately two degrees to the east 

The Rocky Flats Alluvium is a pediment gravel depostted in a laterally coalescing alluvial fan 
environment It was deposited across a gently sloping erosional surface cut into the underlying soil 
bedrock The deposit consists of poorly to well sorted, poorly strattfied clays, silts, sands, gravels and 
cobbles The colors of the Rocky Flats Alluvium include light to dusky brown, dark yellowish-orange, 

grayish orange, dark gray and dusky red The Rocky Flats Alluvium ranges in thickness from 0 to 25 
feet beneath OU6 Subsequent dissection and headward erosion by North and South Walnut Creeks, 

as well as the unnamed northern tnbutary to Walnut Creek, have cut through the alluvium into the 

underlying bedrock Remnants of younger terrace deposits of the Verdos and Slocum Alluviums occur 
at lower elevations in some locations along the valley slopes of OU6 

Colluvial matenals in OU6 were denved from slope wash and creep of the Rocky Flats Alluvium, and 
the Arapahoe and Laramie Formations The colluvium consists of clays, sands, and gravels, and 

ranges in thickness from a few feet to 20 feet Colluvium denved from the Rocky Flats Alluvium 
characteristically covers the alluviaVbedrock contact along the hillsides Artificial fill and disturbed 

ground occur in the localized areas of the Old Outfall Area (IHSS 143), the Tnangle Area (IHSS 165), 
the Soil Dump Area (IHSS 156 2), and Trenches A ,  B,  and C (IHSS 166) Recent valley-fill alluvium 

occurs in the active stream channels of North and South Walnut Creeks, as well as the unnamed 
northern tnbutary to Walnut Creek This matenal is denved from reworked older alluvial, colluvial and 

bedrock deposits 

The Cretaceous-age Arapahoe Formation is the uppermost bedrock formation and unconformabty 
underlies the unconsolidated matenal at OU6 The Arapahoe Formation is the product of a fluvial 

(MTM3) (01-14-94 1 1  25arn) 
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depositional environment and is composed of channel, point bar, and overbank fluvial depostts of 

sandstones, claystones, siltstones and occasional Iignitrc coal seams and ironstones Based on Phase 
I drilling activities, claystone was the most commonly observed bedrock lithology beneath OU6 
Formation thickness varies, but maximum thickness IS approximately 270 feet beneath the plant (DOE 
1992a) The Arapahoe Formation outcrops at certain locations along the North and South Walnut 

Creeks, as well as the unnamed northern tnbutary to Walnut Creek stream valleys 

The Laramie Formation IS Cretaceous in age and gradationally underlies the Arapahoe Formation at 

OU6 The Laramie Formation, which is approximately 700 feet thick (DOE 1992a) in the vicinity of 
RFP,  IS divided into two units The lower unit, which is approximately 250 feet thick, is composed of 

several sandstone layers and many coal seams The upper unit, which is approximately 550 feet thick, 

is composed of deltaic claystones, siltstones, some fluvial sandstones, and an occasional coal layer 
The sandstones in the lower unit are light to medium gray, fine to coarse grained, poorly sorted and 

subangular The upper unit claystones and siltstones are light olive gray to olive-black in color with 
some carbonaceous matenal 

1 2 4 Hydrogeology 

Groundwater encountered beneath OU6 occurs in the Rocky Flats Alluvium, colluvium, valley fill and 

subcropping sandstone of the Arapahoe Formation, where it occurs In general, groundwater exists 
under unconfined conditions, however partially confining conditions may exist in bedrock sandstones 

that are bounded laterally or vertically by claystone Groundwater flow in the Rocky Flats Alluvium IS 

generally from the west to the east, and locally follows the erosional lows on the top of the underlying 
bedrock Groundwater flow in the sandstone, where it occurs, is generally from the west to east and 

is locally controlled by the geometry of the sandstone body Groundwater in the colluvium mantling the 

hillsides of OU6 is toward the drainages 

Infiltration of precipitation is the pnmary source for groundwater recharge Groundwater levels vary in 

response to seasonal changes Groundwater levels reach their highest levels dunng the spnng and 

early summer, when precipitation is high and evapotransptration is low Dunng the remainder of the 

year, groundwater levels decline wth penodic changes due to precipttation events Many alluvial wells 

may go dry dunng these penods of low water levels Approximately one-half of the alluvial wells 

completed dunng the Phase I field investrgation (September 1992 through March 1993) were dry 

following complebon 

(MTM3) (01-14-94 1 1  25am) 
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Groundwater discharge from the Rocky Flats Alluvium occurs at seeps on the hillsides, where the 
alluvium outcrops or subcrops along the valleys of North and South Walnut Creeks The seeps occur 
at the contact between the Rocky Flats Alluvium and underlying bedrock This water then flows 
downslope along the ground surface or through colluvial deposits to the North and South Walnut 
Creeks, as well as the unnamed northern tnbutary of Walnut Creek 

1 2 5 Surface Water Hydrology 

The Rocky Flats Plant is located on a plateau which is bounded on the north by North Walnut Creek 
North and South Walnut Creeks are intermittent streams that receive surface runoff from the northern 
and eastern portion of the Plant facility and adjoining buffer zone An unnamed tnbutary (located 1/2 
mile north of the facility and north of North Walnut Creek) receives surface runoff from the northern 
buffer zone All three of these creeks merge into Walnut Creek within the buffer zone about 1 mile 
northeast of the Protected Area (PA) (Figure 1-2) Walnut Creek flows toward Great Western 
Reservoir, located approximately 1/3 mile east of the eastern boundary (Indiana Street) of the Rocky 
Flats Plant The water from Walnut Creek IS diverted around Great Western Reservoir by the 
Broomfield Diversion Ditch and is carried to Big Dry Creek 

The headwaters of North Walnut Creek onginate within the Upper Church Ditch, approximately 1 112 
miles west of Highway 93, near Coal Creek South Walnut Creek onginates near the center of the 
Rocky Flats Plant secunty area and bisects the eastern half of the security area South Walnut Creek 
converges with North Walnut Creek approximately one mile east of the eastern boundary of the main 
secunty area The onginal headwaters of South Walnut Creek were backfilled dunng construction of 
the Plant's facilities, therefore, flow begins near a buned culvert west of Building 991 

The four A-senes detention ponds (Ponds A-1 through A-4) have been built in North Walnut Creek, 
northeast of the main secunty area of the Plant facility (Figure 1-2) Surface water in North Walnut 
Creek flows eastward in its onginal channel to just west of Pond A-1 The A-1 Bypass diverts this 
runoff around Ponds A-1 and A-2 and channels it into Pond A-3, where the water is temporanly 
detained Currently Ponds A-1 and A-2 receive no upstream runoff from North Walnut Creek These 
ponds are used primanly for spill control management and to detain runoff from the area immediately 
adjacent to these ponds The water collected in Ponds A-1 and A-2 is not released downstream but 
is disposed of through spray and pond evaporation Pond A-3 receives surface water from North 
Walnut Creek and runoff form the northern production facilities via the A-1 Bypass Penodically, water 
in Pond A-3 is transferred into Pond A-4 The water in Pond A 4  IS treated by a granular activated- 
carbon (GAC) system before being discharged into North Walnut Creek Downstream of Pond A 4  and 

(MTM3) (01-14-94 11 25am) 
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west of Indiana Street, water from Walnut Creek IS temporarily detained in a pond, IHSS 142 12, untd 
it reaches a high enough level to flow out and downstream into Walnut Creek toward Great Western 
Reservoir The water in Walnut Creek is diverted around Great Western Reservoir by the Broomfield 
Diversion Ditch, which caries water to Big Dry Creek 

The B-senes detention ponds (Ponds B-I through 8-5) have been built in South Walnut Creek east of 
the main security area of the Plant facility (Figure 1-2) Ponds B-1 and B-2 are primarily used for spill 
control management and to detain surface runoff from the upstream portion (eastern part) of the facility 
The water collected in these ponds is not discharged downstream but disposed of through spray field 
evaporation similar to Ponds A-1 and A-2 Pond 8-3 receives effluent from the Sewage Treatment 
Plant (STP) (Building 995) and local surface runoff Water in Pond 8-3 is continuously discharged to 
Pond 8-4 Water in Pond 8-4 is continuously released to Pond B-5 Pond B-5 receives water from 
Pond 8-4 and, occasionally, receives water from surface runoff from the Central Avenue Ditch located 
south of the B-senes Ponds This ditch receives surface runoff that onginates near the eastern 
production facilities The water in Pond 8-5 is not discharged to South Walnut Creek but is penodically 
pumped to Pond A-4, where the water IS treated through a GAC system before being discharged 
downstream to Walnut Creek 

(MTMJ) (01-14-94 11 25am) 
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amounts of caliche 
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GENERAL CONCEPTUAL MODEL OF OPERABLE UNIT 6 
I 

2 1 CONCEPTUAL SITE MODEL 

This section discusses the potential release and transport of chemicals from OU6 and descnbes 

pathways by which the receptor populations may be potentially exposed to chemicals of concern An 
exposure pathway descnbes a specific environmental pathway by which an individual can be exposed 

to chemical constituents present at or originating from a site An exposure pathway includes five 
necessary elements 

0 A source of chemicals 

0 An environmental transport medium 
An exposure point 

0 A mechanism of chemical release 

a A human intake route 

Each one of these five elements must be present for an exposure pathway to be complete An 
incomplete pathway means that no human exposure can occur Only potentially complete pathways will 

be addressed in the Human Heatth Risk Assessment for OU6 

The first element is a source of chemicals Potential sources of contaminants in OU6 are the IHSSs 

(Figure 1-2) The detention ponds along Walnut Creek drainage (IHSSs 142 1 - 142 9 and 142 12) are 

used pnmanly to capture and control surface water runoff Histoncally, water and sediment samples 
from these ponds have occasionally contained low concentrations of radionuclides, metals and organic 

compounds These Contaminants, however, have pnmanly been found in the bottom sediments of the 
ponds The ponds capture and control surface runoff from the northern part of Rocky Flats production 

facilities Historically, vanous discharges that contained nitrates and radioactive substances, including 
plutonium and uranium, along with laundry wastes containing plutonium, flowed into Walnut Creek 
drainage The spray fields (IHSSs 167 1 - 167 3 and 216 1) were used to spray and evaporate water 

that collected in the Landfill Ponds and water in Pond 8-3 Contaminated spray water from the ponds 

may have contaminated the surface soils on the spray field areas Groundwater underneath the spray 
fields may also be contaminated from infiltration of spray contaminants The trenches (IHSSs 166 1 - 
166 3) were suspected storage areas for contaminated soils and sludges The sludges and soils were 

believed to have contained low levels of uranium and/or plutonium Sludge drying beds within the 

(MTM3) (01-14-94 1 1  25am) 
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Sludge Dispersal Area (IHSS 141) are used to dry sludges believed to contain low levels of uranium 

and/or plutonium That sludge has occasionally dispersed to the ground due to overflows or wind The 
Tnangle Area (IHSS 165) was used as a storage site for miscellaneous wastes, including 55gallon 

drums containing plutoniumcontaminated wastes, between 1966 and 1975 Drum leaks were detected 

on several occasions followed by several cleanup activities The Old Outfall (IHSS 143) received 

process and/or laundry wastes between the 1950's and the 197O's, including plutonium wastes and 
analytical and radiography wastes Radioactive soils were removed in the area in the 1970's and the 

area has since been covered with fill The Soil Dump Area (IHSS 156 2) was a storage area for soils 

believed to contain low levels of uranium and/or plutonium The Soil Dump Area also contains asphalt 
debris and concrete remains 

An exposure point is a specific location where human receptors can come in contact with srte-related 
chemicals The ObJeCtiVe of this technical memorandum is to identify fate and transport models that 

will be used to calculate exposure point concentrations for the Human Health Risk Assessment 

Environmental media that may transport chemicals of concern from OU6 to potential human exposure 
points are presented in the conceptual site model for OU6 (Figure 2-1) The media associated with 

exposure pathways that will require fate and transport modeling are discussed in the following 

subsections A more detailed summary of potentially exposed human receptor populations and 
exposure pathways for OU6 is presented in the draft Human Health Risk Assessment Exposure 

Scenarios technical memorandum (DOE 1993) Any changes to the Exposure Scenarios technical 
memorandum will automatically apply to technical memorandum #3 

Potentially exposed receptor populations selected for quantitative assessment in the Human Health Risk 
Assessment include the following 

0 Current off-site resident 

Current on-site worker (secunty) 

0 Future on-site worker (office) 

Future on-site worker (construction) 
0 Future on-site ecological researcher 

0 Future off-site resident 
0 Hypothetical future on-site resident 

Exposure points were selected for each of the above receptors so that the reasonable maximum 
exposures will be quantitabvely evaluated Evaluation of potential health nsks for receptors at these 
points will bound the nsks for receptors at other exposure points not selected for quantitative evaluation 

(MTMJ) (01-14-94 1 1  25am) 
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The following exposure points were selected for the receptors identified above These locations are 
also presented in Figure 2-2 

Current Use Scenarios 

0 Off-site residential receptor Nearest downwind residence to RFP (located near the 

southeast corner of the RFP property boundary) 

0 On-site occupational receDtor Secunty specialist conducting rounds within the OU6 
area 

Future Use Scenarios 

0 On-site occupational receptor Office worker working in a building inside the existing 

secunty area or in future office buildings in the buffer zone within OU6 

0 On-site construction worker Excavation worker preparing foundations for new buildings 

within OU6 both inside the secunty area and in the buffer zone 

0 Ecoloalcal researcher Outdoor on-site exposure, within buffer zone area of OU6, 
bounded by the unnamed tributary to Walnut Creek and South Walnut Creek 

a Off-site residential receptor Hypothettcal off-site residence at the point at which Walnut 

Creek intersects the eastern Rocky Flats property boundary (Indiana Street) 

0 On-site residential receptor Hypothetical on-site residence within the OU6 area 

Exposure pathways to be quantitatively evaluated in the Human Health Risk Assessment were identified 
using a conceptual site model (CSM)(Figure 2-1) The CSM is a schematic representation of the 

chemical source areas, chemical release mechanisms, environmental transport media, potential human 
intake routes, and potenttal human receptors The purpose of the CSM IS to provide a framework for 

problem definition, to identify exposure pathways that may result in human health nsks, to aid in 

identifying data gaps, and to aid in identifying effective cleanup measures, if necessary, that are 

targeted at significant contaminant sources and exposure pathways 

t 

(MTMB) (01-14-94 1 1  25am) 



I 

EG8G ROCKY FLATS PLANT Manual 21100-WP-OU6 01 
RFI/RI Work Pian for OU6 

Section Appendu I Rev 0 
Page 16 of 45 
Effectwe Date 01114194 
Organization Environmental Management 

In the CSM, potentially complete and significant exposure pathways are designated by a black dot 
Potentially complete but relatively insignificant exposure pathways are designated by an open circle 
Both significant and relatively insignificant exposure pathways will be quantitattvely addressed in the 
nsk assessment Quantitatively addressing significant and relatively insignificant exposure pathways 
will result in nsk estimates that do not underestimate actual potential nsks Negligible exposure 
pathways and incomplete exposure pathways are designated in the CSM by an N and a dash, 
respectively, and will not be addressed in the nsk assessment For more detailed descnption of the 
pathways, along with their assumptions, please see the Human Health Risk Assessment Exposure 
Scenarios technical memorandum (DOE 1993) 

A summary of potentially complete exposure pathways that will be quantitatively evaluated in the 
Human Health Risk Assessment IS presented in Table 2-1 Those exposure pathways are consistent 
with CSM shown in Figure 2-1 Exposure pathways that will require fate and transport modeling are 
those that include groundwater, surface water, and air as transport media to exposure points These 
include the following exposure pathways 

Current Off-site Resident 

Inhalation of airborne particulates 
0 Soil ingestion (following deposition of airborne particulates on residential soil) 

Dermal contact with soil (following deposition of airborne particulates) 
Ingestion of garden produce (following surface depositton of particulates) 

0 

0 

Current On-site Worker 

Inhalation of airborne particulates 
e Soil ingestion 
0 Dermal contact with soil 
0 External irradiation 

Future On-site Office Worker 

lnhalatton of volatile compounds released from subsurface soil or groundwater to 
indoor air 
Inhalation of airborne particulates 

0 Soil tngesbon 

(MTM3) (01-14-94 11 25am) 
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0 Dermal contact with soil 
b External irradiation 

Future On-Site Construction Worker 

0 Inhalation of airborne particulates 
0 Soil ingestion 
0 Dermal contact with soil 
0 External irradiation 

Future On-site Ecological Researcher 

0 Surface water ingestion (suspended sediment and site-related chemicals potentially 

Dermal contact with surface water (dissolved-phase constituents of sediment and site- 
transported to surface water) 

related chemicals potentially transported to surface water) 

0 

0 Inhalation of airborne particulates 
0 Soil ingestion 
0 Dermal contact with soil 
0 External irradiation 

Future Off-Site Resident 

0 Surface water ingestion (suspended sediment and ate-related chemicals potentially 
transported to surface water) 

related chemicals potentially transported to surface water) 

b Dermal contact with surface water (dissolved-phase constituents of sediment and site- 

b Inhalation of airborne particulates 
0 Soil ingestion (following deposition of airborne parttculates on residential sod) 

Dermal contact with soil (following deposition of airborne particulates) 
Ingestton of garden produce contaminated by airborne particulates 

0 

0 

Hwothetical Future On-site Resident 

0 Surface water ingestion (suspended sediment and sfle-related chemicals potentrally 
transported to surface water) 

(MTMI) (01-14-94 11 25am) 
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Dermal contact with surface water (dissolved-phase constrtuents of sediment and site- 
related chemicals potentially transported to surface water) 
Inhalation of volatile compounds released from subsurface soils and/or groundwater 
to indoor air 
Inhalation of airborne particulates 
Ingestion of soil 
Dermal contact with soil 
External irradiation 
Ingestion of garden produce contaminated by deposition of airborne particulates 
Ingestion of garden produce grown in contaminated soil 

A brref discussion of the environmental media associated with the above exposure pathways and the 
potential fate and transport of chemicals in these media is presented in the following subsections The 
models associated with these pathways are presented in Section 3 0 

2 2 GROUNDWATER 

Figure 2-3 illustrates the general conceptual model for groundwater and surface water pathways at 
OU6 Groundwater flows and contaminants migrate from potentrally contaminated soils within an IHSS, 
into the surrounding Rocky Flats Alluvium and colluvium Contaminated groundwater then migrates out 
of seeps along valley slopes as surface water or near-surface groundwater in the colluvium to the 
creeks South and North Walnut creeks, as well as the unnamed northern tnbutary to Walnut Creek, 
then transport possible contaminants down- stream via surface water processes Figure 2-4 shows the 
potential Contaminant sources (the IHSSs) and potentral pathways of groundwater to the valley slopes 

2 3 SURFACE WATER 

The pathways of interest for surface water are related to ingestion of or dermal contact wrth surface 
water containing suspended sediment and/or site-related chemicals potenlally transported to surface 
water Stormwater runoff may transport contaminated soils to surface waters through erosion, with 
subsequent transport to downstream receptors Surface waters and suspended sediments may also 
be impacted from the discharge of contaminated groundwater via seeps and spnngs Figure 2-3 IS a 
conceptual model for groundwater and surface water illustrating these pathways 

(MTM3) (01-14-94 11 25am) 
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2 4  AIR 

The air emissions and dispersion models selected to assess air contaminant concentrations at senshve 

receptors will estimate exposure point concentrations for the exposure pathways associated with air 

transport shown in Figure 2-1 Volatile organic compounds o/OCs) may be transported through the 
vadose zone from underlying soils and will be subsequently entrapped within a hypothetical building 

located on top of OU6 (volatilization into indoor air and subsequent inhalation by a future on-site worker 

or on-site resident) Chemicals in surface soils may be transported via fugitive dust emissions from 

OU6 to on-site (inhalation of particulates by the future on-site worker, future on-site resident and future 
ecological researcher) and off-site exposure points (inhalation of particulates by the current and future 
off-site residents) Fugitive dust emissions from OU6 may also result in deposition of chemicals in 

airborne particulates on surface soils and plants Potential chemical intake and corresponding nsks 

associated with these media will also be evaluated A conceptual model for airborne exposure 

pathways is shown on Figure 2-5 

(MTM3) (01-14-94 1 1  25am) 
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3 0  

MODEL DESCRIPTION 

This section specifies the models to be used in charactenung and predicting exposure point 
concentrations at specific receptor locations for the OU6 nsk assessment The considerations for 
model selection, and the basis for selecting the chosen models are also discussed 

The term "model" refers to computer codes or a set of equations that can be used to mathematically 
represent site conditions and simulate media behavior (e g , groundwater flow) and Contaminant fate 
and transport in the model domain The models will incorporate site-specific data to allow simulation 
of site-specific conditions and behavior The combination of a computer code and the necessary site- 
specific data will be referred to as a "site-specific model" 

3 1 GENERAL CONSIDERATIONS FOR MODEL SELECTION 

According to Bond and Hwang (1 988) and van der Heijde and Park (1986), the following issues should 
be considered when selecting groundwater models for simulating conditions at a site (1) the objectives 
of the project, (2) the physical and chemical conditions of the site, and (3) the requirements for 
implementing the models Although the discussions presented by Bond and Hwang, and van der Heijde 
and Park were directed at groundwater models, it IS reasonable to apply the same considerations to 
surface water and air models 

The OU6 modeling objective (issue no 1) is to simulate the transport of contaminants of concern to 
potential human receptor locations for nsk assessment purposes The physical and chemical conditions 
of the site (issue no 2) have been and are continuing to be characterized as part of the ongoing Phase 
I RFI/RI process Models selected should be capable of incorporatmg key on-slte transport processes 
Requirements for implementing the models (issue no 3) include the following (a) the availability of the 
model, (b) the degree and nature of documentation, (c) the extent of peer review of the model, and (d) 
the nature of model verification and testing (model venfication is the process of venfying that the model 
results are numencally correct and involves an independent check of the calculabons performed by the 
model) 

(MTMJ) (01-14-94 11 25arn) 
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Based on the issues descnbed above, a set of cntena was developed for selecbng the models to be 
used at OU6 The general cntena are as follows 

1 

2 

3 
4 

5 

The selected models should be able to incorporate key processes known to occur at 
the site 
The selected models should be able to satisfy the objectives of the 
study 
The selected models should be venfied using published equations and solutions 
The selected models should be complete and well documented and preferably 
available in the public domain 
The selected models should be practical and cost-effective in terms of actual 
application as well as resolution of uncertainty 

These five cntena were used as the basis for selecting the groundwater, surface water, and air models 
to be used for OU6 The following sections discllss the selected models relahe to their ability to 
satisfy the identified selection cntena 

All mathematical models have limitations and uncertainties associated with assumptions inherent in the 
models This is true for the models selected for use for OU6 However, it is believed that the selected 
models presented herein are the most appropriate models available for use for OU6 and that the 
associated limitations and uncertainties are acceptable 

3 2 GROUNDWATER CONTAMINANT FATE AND TRANSPORT MODEL 

3 2 1 Introduction 

Groundwater contaminant fate and transport modeling will be performed to simulate the movement of 
dissolved Contaminants in groundwater in the saturated zone beneath OU6, and to estimate future 
contaminant mass loading to the creeks at groundwater discharge points The output of the 
groundwater modeling will be used as input for the surface water model to evaluate contaminant 
transport to potential human receptors in the OU6 Human Health Risk Assessment 

Contaminant fate and transport in groundwater at OU6 will be simulated using an analytical transport 
model code For this project ONED3 (Bebin 1989) will be used ONED3 IS included in the SOLUTE 
package of models distnbuted by the International Ground Water Modeling Center (IGWMC) ONED3 

(MfM3) (01-1484 11 25am) 
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is an analytical transport code and is capable of simulating one dimensional fate and transport of 
dissolved phase contaminants in a porous medium 

Because the objective of the modeling is to support the OU-6 Human Health Risk Assessment, and 
limited OU-6 hydrogeologic and contaminant information is available to support a complex two- or three- 

dimensional numencal modeling approach, a conservative analytical modeling approach has been 

selected for groundwater fate and transport modeling at OU-6 This is appropnate because the degree 

of model complexity need only be sufficient to provide conservative (i e relatively higher) estimates of 
contaminant mass loading to Walnut Creek than would be simulated by a more complex model 

ONED3 is similar to other analytical transport models in its governing equations and underlying 

assumptions and in its limitations The governing equations and underlying assumptions of ONED3 
are descnbed in the model documentation, "Solute" (Bebin, 1989) In general, limitations imposed by 

the underlying assumptions can be addressed by maktng conservative assumptions in the application 
of the model to OU-6, thus reducing the importance of model uncertainties with respect to nsk 
assessment needs 

Available site-specific and literature data on fate and transport parameters (e g , chemical and 
radioactive decay, and retardation), source areas, and hydrogeologic conditions will be integrated using 

ONED3 to sirnulate the fate and transport of dissolved-phase contaminants in the saturated zone from 

source areas through the alluvium and colluvium, to discharge points along Walnut Creek (Figure 2-4) 
Because several discrete potential contaminant migration pathways are suspected to exist in OU6, 
several separate ONED3 models may be utilized to simulate groundwater contaminant fate and 
transport 

The ONED3 model simulates concentrabons of contaminants at the points where the groundwater is 
simulated to discharge to Walnut Creek In order to estimate contaminant mass loading to the creek, 

which is the input parameter required for the surface water model, estimates of groundwater discharge 

rates will be necessary Q e ,  the contaminant mass loading = the ONED3 contaminant concentration 

multiplied by the groundwater discharge rate) To estimate the groundwater discharge rate, average 
annual water balance analyses will be performed for the alluvium or colluvium for each modeled 

contaminant migration pathway Available OU6 data will be used for the water balance analyses, 
however, recharge and discharge information developed for OU2 may also be used if OU6 site-specific 

data are insufficient 

(MTMJ) (01-14-94 11  25am) 
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3 2 2 Model Selection Cntena Evaluation 

The ONED3 model code was selected because it satisfies the selectton cntena presented in Section 
3 1 A discussion of how ONED3 meets each of these cntena follows in the order in which the 

selection cntena are presented in Section 3 1 

Selection Criterion 1 - The selected models should be able to incorporate key processes known to 

occur at the site 

The ONED3 model code is capable of incorporating key contaminant fate and transport processes 

known to occur in the alluvium and colluvium at the OU6 site Those key processes include advection, 

dispersion, retardation, and decay The ONED3 model code is capable of simulating the fate and 

transport of drssohred-phase contaminants in the saturated zone with uniform flow in one direction The 

source area and boundary conditions used in ONED3 are relatively simple This is considered 

adequate for OU6 because 

0 The topographic vanation and wide separation of source areas across OU6 results in 
several separate potential contaminant migration pathways from source areas to 

discharge points Commingling of contaminant plumes from different source areas 
along complex flow paths is not believed to be prevalent Therefore, separate 

simplified models are appropnate 

0 Flow and contaminant migration at OU6 is from source areas to discharge points along 

Walnut Creek (Figure 24)  For the purposes of the OU6 risk assessment, a detailed 

evaluation of migration pathways is not necessary (nor is it possible based on the 

limited available Phase I data) because simulation of a onedirectional pathway across 

the shortest distance between the source areas and Walnut Creek will provide 
conservatwe estimates of contaminant concentrattons and associated nsk Therefore, 

onedimensional flow modeling is appropnate 

The following discussions address the models underlying assumptions and how they will apply to the 
conditions at OU-6 

A uniformlv Dorous confined aauifer - The pnmary Iimttahon of thts assumpbon is that rt implies aquifer 
thickness IS constant, a condition not necessarily true in all cases for an unconfined aquifer However, 
for the purpose of this study, steady-state conditions will be assumed for the OU-6 groundwater flow 

I (MTM3) (01-14-94 1 1  25am) 
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systems Under steady-state conditrons with no aquifer stresses (i e no pumping), unconfined aquifers 

also have constant thickness and, thus, the assumptron of confined condmons is not a hmitatron In 

reality at OU-6, the groundwater flow systems are probably highly transient, varying substantially in 

thickness dunng the year in response to local recharge events, in some cases possibly even becoming 

unsaturated at times However, contaminant movement through the transient OU-6 systems is probably 

slower than would occur if the flow systems were steady-state and of constant thickness equal to the 

average of the vanable thicknesses Therefore, the ONED3 model, which will assume steady-state 

conditions and no aquifer stresses, should result in conservative (I e , faster) estimates of Contaminant 

movement relative to actual conditions 

A homoaeneous and isotroDic aauifer with resDect to its hvdraulic and transoort charactenstics - Limited 

data from the Phase I investigation are available for OU-6 to charactenzed aquifer heterogeneity and 

anisotropy Thus conservative values for hydraulic conductivity, effective porosity, dispersion 

coefficient, and soil bulk density will be applied to result in conservative model sirnulation results 

A semi-infinite aauifer in extent (in the positive xdirection) of constant thickness - The OU-6 model 

simulations will conservatively assume steady-state conditions, no aquifer stresses (e g , pumping), and 

homogeneous conditions Therefore, model boundary influences will be negligible in the OU-6 

modeling, and will not adversely affect the conservative nature of the model results 

A source fullv Denetrates the aauifer - For the purposes of modehng, idenbfied groundwater 

contamination areas will be used as the contamination source areas The identified groundwater 

contamination areas will be assumed to extend throughout the entire thickness of the saturated zone 

(I e ,  fully penetrating) at the measured concentrations, and to exist throughout the entire simulation 

period This will result in conservative estimates of contaminant loading to Walnut Creek 

A fullv saturated aroundwater flow reaime - In reality, in some cases, porbons of the OU-6 flow systems 

may become partially saturated dunng dry times of year Because contaminant migrabon rates are 

higher under fully saturated conditions than under partially saturated condrtions, other things being 

equal, the assumption of fully saturated conditions in the ONED3 model will result in consenratwe 

estrmates of contaminant migration 

Onedimensional. steadv-state. uniform. regional flow awav from the source -The assumphon of these 

conditions is conservative in that maximizes contaminant migration rates from source areas to 
discharge points along the creek Use of two- or three dimensional flow, or transient conditions would 

likely result in slower (less conservatwe) simulated transport rates 

(MTMJ) (01-14-94 1 1  25am) 

i . 



I 
-1 
I 

L I  
I r  I 
I 
‘ I  

il 
l 1  I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

‘ I  I 

EGBG ROCKY FLATS PLANT Manual 21100-WP-OU6 01 
RFllRl Work Pian for OU6 

Secbon Appendu I Rev 0 
Page 25 of 45 
Effectwe Date 01114f94 
Organuation Environmental Management 

The densitv and viscosltv of the solute in the source and in the aauifer are identrcal and do not chanae 

with time - Based on the low concentrations of Contaminants detected in groundwater to date (i e , the 

low ug/L range), effects due to density or viscosity differences between the solute and water are not 

of concern This assumption is reasonable for OU-6 conditions 

No solute advection or disDersion into or out of the confinina lavers - Commingling of contaminant 

plumes from different source areas along complex flow paths is not believed to be prevalent at OU-6 

Therefore, advedion and dispersion of solute into a model domain from a source outside of the model 

is not a substantial concern Advection/dispersion of solute to above the water table or into the 

claystone bedrock is unlikely and advection and dispersion of solute out of the model domain would 

tend to reduce contaminant concentrations simulated at the creek Therefore, the assumption of no 

advection or dispersion out of the model IS conservative 

The water balance analyses will incorporate the key process of areal recharge and the pnnciples of 

conservation of flow An average annual water balance will be estimated for the saturated alluvium or 

colluvium in the vicinity of each modeled contaminant migration pathway in order to estimate the annual 

groundwater discharge rate for that pathway The first step in this process will be to estimate the net 

groundwater recharge rate based on available meteorological data, soil and ground cover data, water 

level data, and other available OU-6 site-specific information Recharge information developed for OU-2 

may also be used if OU-6 data are insufficient The next step will be to estimate the areal extent of 

the saturated zone based on the available OU-6 groundwater data 

The average annual groundwater discharge rate will then be calculated by multiplying the net 

groundwater recharge rate by the saturated area This approach assumes no water is lost from the 

system due to evaporation from the alluvium or colluvium Q e , all groundwater recharge ultimately is 

discharged at Walnut Creek This is a conservative estimate because it results in a higher estimate 

of groundwater discharge (and thus, contaminant loading) than would be calculated if evaporation from 

the alluvium and colluvium were included 

Estimates of groundwater discharge will be qualitatively compared to observed seep conditions, where 

possible, to venfy that the groundwater model is not underestimating discharge rates However, it is 

anticipated that limited data will be available for OU-6 to quantitatively venfy the water balance results 

Therefore, the groundwater recharge and discharge rate estimates will also be compared to those 

calculated for OU-2, where substantially more data are available to estrmate recharge and discharge 

rates 

(MTM3) (01 14-94 11 25am) 
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Selection Cntenon 2 - The selected models should be able to sahsfy the ObJeCtIVeS of the study 

ONED3 is capable of satisfying the objective listed in Section 1 1 ONED3 will be used to simulate the 
movement of dissolved contaminants in groundwater through the alluvium and colluvium and to 
estimate future concentrations of contaminants where groundwater discharges to Walnut Creek This 
will then sewe as input to the surface water model used to estimate concentrations of Chemicals of 
Concern at exposure points for potential human receptors in support of the OU6 Human Health Risk 
Assessment 

Selection Criteria 3 and 4 - The selected models should be verified using published equations and 
solutions The selected models should be complete and well documented and preferably available in 
the public domain 

ONED3 is a widely used analytical contaminant fate and transport model code Venfication of the 
model code can be performed by running the code using input parameters and boundary conditions for 
which a known solution is available ONED3, as part of the SOLUTE package of models distnbuted 
by IGWMC, is readily available with documentation Water balance analyses are common 
computational methods used in hydrologic studies 

Selection Critenon 5 - The selected models should be practical and cost-effective in terms of actual 
application as well as resolution of uncertainty 

ONED3 is a simple model to set up and use and can be practically and cost-effectively applied to the 
OU6 site The output from the ONED3 simulahons can readily be used to address resolution of 
uncertainty Water balance analyses can also be practically and cost-effectively applied to OU6 

3 3 SURFACE WATER MODEL 

3 3 1 Introduction 

The surface water model will contnbute to the overall nsk assessment effort by means of several 
exposure pathways, as shown in Figure 2-1 The watershedhater quality model HSPFS has been 
selected for the surface water model HSPFS outputs will be long term average contaminant 
concentrations as a function of distance along Walnut Creek Both dissolved and particulate (I e ,  
contaminants associated with suspended solids) wll be modeled Model inputs wlll be time senes of 
precipitation and groundwater seep flows/loads Boundary and inittal conditions will also dnve the 

(MTM3) (01-14-94 11 25am) 
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model HSPF9 inputs will be sequential times senes of meteorological data, including preapitabon, air 
and dew point temperatures, solar radiation, wind speed, and evaporatron Except for the evaporation 
time senes, the time senes are obtained from Rocky Flats Plant meteorological tower as 15 minute 
readings and appropnately aggregated to a one hour interval by summing or averaging the 15 minute 

readings The evaporation time senes is developed from the other senes mentioned using aggregated 

daily values as input The resulting daily evaporation values are then desegregated to obtain hourly 

values It was necessary to use daily values to develop the evaporation time seies as the calibration 
criteria against which the senes was developed has a daily resolution 

A one hour input (simulation) time step has been chosen so that the effects of temporally short, but 
relatively intense meteorological events will not be obscured, as may occur if the meteorological 

conditions were considered on a mean daily basis Output can be obtained at any aggregation of the 

sirnulation interval Daily summane? will be used as one hour to one hour compansons of simulated 
versus observed values requires extremely detailed boundary condition development and determination 

of localized vanations that are beyond the scope of this project Further, though it would be possible 
to attempt flow calibration at this time scale, there are no water quality data available at this time 
resolution for use in such a model calibration Given that the water quality data are point readings, 

daily summaries of simulation are the preferred method 

The sirnulation time frame to be used is July 1 ,  1989 to June 30, 1993 This time frame was selected 

as it encompasses the period where flow and water quality data are available in sufficient quantity and 

quality for use in model calibration The four years meteorological data averages are considered typical 
for this region and include an event with a greater than ten year recurrence interval Simulating specific 

recurrence intervals are not in the scope of this project 

Seepage and baseflow are to be added to the model as sequential time senes The seepage time 

senes is a "boundary condition" that may be modified dunng the Calibration process Initial estimates 

of seepage will be obtained from a sitewide groundwater flow model that is currently under development 
and modified during model calibration if necessary Baseflow data is a boundary time senes that is 

available from pond operation records and flow recording instrumentation 

HSPF9 (Hydrologic Simulation Program - Fortran, Version 9) IS a Comprehensive package for 

simulation of watershed hydrology and water quality for both conventional and toxic organic pollutants 
HSPF9 is the only comprehensive model of watershed hydrology and water quality that allows the 
integrated simulation of land and soil contaminant runoff processes with in-stream hydraulic and 
sediment-chemical interactions (Ambrose and Barnwell, 1989) 

I 
(MTMJ) (01-14-94 11 25am) 
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Major processes affecting surface waterlsediment pollutant concentratrons in OU6 are 

e Precipitation/runoff 

e Stream and pond hydraulics 

e Pollutant-specific fate mechanisms 

e Soil erosion and associated pollutant movement 

The following sections overview how these major processes are treated by HSPFS 

PreciDitation/Runoff 

Hydrologic simulation is performed using the moisture accounting technique first employed in the 

Stanford Watershed Model (Figure 3-1) That is, the movement of water into, between, and out of a 

set of conceptual storages is computed using a fixed trme step Rain and snowmelt are subject to 
interception If that storage is full, infiltration occurs Infiltrated moisture passes to the lower zone or 
to groundwater storage Excess moisture either remains on the surface or enters flow paths leading 

to the upper zone or to interflow The model regards overland flow as equivalent to that along a plane 

surface of length, slope, and roughness specified by the user Evapotranspiration can occur from any 

of the storages Details of the Stanford Watershed Model methodology are given by Crawford and 

Linsley (1 966) 

Soil Erosion 

Soil Erosion is simulated as illustrated in Figure 3-2 Erosion can occur either due to particle 
detachment from rainfall impact and subsequent washoff or as a result of nll and gully scour Details 

of the soil erosion methodology used by HSPFS are given by Donigian and Crawford (1976) 

Hvdraulics 

HSPFS uses a simple technique for flow routmg The catchment stream network is divided into reaches 
and calculations work from upstream to downstream reaches The stream network can be of any 
complexity, even including flows that are split and later recombined farther downstream Impoundments 

(ponds, lakes, reservoirs) are also included although it should be noted that HSPFS assumes such 

impoundments to be completely mixed, stratification is not modeled 

(MTMJ) (01-14-94 11 25sm) 
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Pollutant Fate Mechanisms 

Several important fate mechanisms will affect the chemicals of concern including partitioning as 
dissohred/particulate phases, interactions between chemicals in the water column and the sediment bed, 
and any of a number of chemical-specific, physicaVchemicaVbiological processes (e g , volatilization, 
biodegradation) HSPF9 can simulate these mechanisms for any generalized quality constituent as 
illustrated in Figure 3-3 

3 3 2 Model Selection Criteria Evaluation 

The HSPFS model descnbed above was selected because it is believed to best satisfy the five selection 
cntena A discussion of how this model meets each of these cntena follows 

Selection Cntenon 1 - The selected models should be able to incorporate key processes and 
accurately represent conditions known to occur at the site 

Key processes associated with surface water aspects of OU6 include, as descnbed before, 
precipitation/runoff, soil erosion and associated pollutant movement, stream and pond hydraulics, and 
pollutant-specific fate mechanisms HSPF9 has extensive capabilities to incorporate these processes, 
indeed, HSPF9 is the only watershed hydrologyhn-stream water quality model known that integrates 
these processes in a single computer code 

Selection Cntenon 2 - The selected models should be able to satisfy the objectives of the study 

The HSPF9 model meets the modeling objective discussed in Section 1 1 To support the nsk 
assessment objective, the model can simulate the transport of chemicals of concern from sources 
(stormwater runoff, groundwater discharge) to downstream exposure points The models provide the 
flexibility needed to esbmate nsks posed by individual sources, I e , the nsks associated with either 
stormwater runoff only or groundwater discharge only 

Selection Cntena 3 and 4 - The selected models should be venfied using published equabons and 
solutions The selected models should be complete and welklocumented and preferably available in 
the public domain 

HSPFS has been validated with both field data and model expenments and has been reviewed by 
independent experts (Ambrose and Barnwell, 1989) It is in the public domain and IS distnbuted and 

(MTM3) (01-14-94 11 25am) 
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maintained by the US EPA Center for Exposure Assessment Modelrng m Athens, GA The original 

development of HSPFS began in 1976 and was based on the earker models Stanford Watershed 
Model, Agdcultural Runoff Model, and the HSP Qual$' Modet 

S_eiection Cntenon 5 - The sebcted modek shuM be practical and cost-effeche in terms of adual 
applicahon as weU as resolution of uncertarnty 

Mhough rJSPf9 is a comprehensrve mecharustfcatly based modd, rts modular construct allows it to 
be tarJared to nte-speufic condibons and objectives tt can be configured to be as detaled or as 
general as the modeling application dictates by acbatmg mare or less modular detatl This flexrbtkty 

ensures its "cost-effectweness" 

HSPFS 15 pureb a detetrninlstlc model, no stocha&c or uncehtnty onalysrs Capabllbes exlst 

Uncertamty analysts wlll be performed outsrde of the HSPFB environment by analysis of model 
predction errors 

3 4 SOfL GAS TRANSPORT MODEL 

3 4 1 lntroductron 

Sal gas tramport modeling will be performed if volatlle organic compounds are ldenhfied cn OU6 the 
modeling will be performed ta smulate the diffusron of uoistile organrc compounds from undertylng soil 
gas as a resuA ofvolablitation from soil and groundwater oontanrnants tothe OU6 surfacepst benealh 
a hypothsttcal ortad6 building The dfiston of volatik organic compaunds COrtLalned In Sod gas from 
the underlying sod and from the undedying gromdwater soil mterface is eshrnaied by two dflerent 
equaYtons An air transport and dispman model, discussed in Section 3 5 ,  wll then be used to 
estimate airborne VOC concentrations wdhin the building This activity will support and prwlde input 
to a Human Health Wsk Assessment 

Esttmates d volatrtieabon from undertyfng contamrnated 801 clrrsest to the OUS surfawwlfl be pmvrded 
by uiiizabon of the Shen Model rnodCded by Fadno (Fadno et at 1983), from Volurna II of the 

AirSuperfund National Techntcsl Guidance Sene8 pubhshed by the €PA (EPA 1990) Thls model IS 

atso referred to as the SEAM mbdd wnco it 15 also documented tn the SuperfUnd Exposure 
Assessment Manual (SEMI {EPA 1968a) This equahon IS devgned fat estirnzlbrl$l volatilization from 

(MTM3) (111-14-94 11 2-rn) 
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underlying sorl GMltamnatlon and the subsequent dtWustan of organic vapors to the OU6 surface. Thls 
equahan ha6 been appkd in numerous Me lnvestlgabons and has &en validated enough to warrant 
inclusion in pubhshed EPA documents 

The equalon used to eshrnate the steady-state VOC emission rate Is 6s fOflWS 

where E,, = 
A -  
Dl = 
L =  

pt = 
GI - 
w, = 

emson rate of the mntarrdnant. I @/set). 
surface area (em3 
vapor diffusm coefiaent in aft (cd/sec). 

wrface cap thickness (cm). 
total porosity of the soil cap [Cfn3/Cm3, 

saturated v a p  concentratron of contammant, I, m the vapor space 
beneath the surface sal cap (g/cm?, and 
weight frachon of cuntanunant, I, m the waste (@g) 

C,, the saturated vapor concentmtmn, 18 d ~ f ~ ~ e d  by the equation 

pm, Ct = - RT 

where P = vapor pressure of the contamnant frnm Hg) 
MW, - mdecuktr weight uf the contammant [gmlgmmde) 
R a tndecuk gas constat (62.361 m Hg-cma/gm-mobX) 
T = arntnent temperature 

3 4 I 2 Volablizatioh Fmm UntJtrlVlna Groundwater 

Contribubons to surfaeo votabfiralron enusion$ from the underlying groundwater WU be estimated by 
the uSmg the follamng equatmrr, adapted fmm Thibodeaw and h n g  (1982). as Presented in SEAM 

(MTH3) (07 14-94 11 25am) 
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where E,, = average emission rate of contaminant i over bme t @/sec) 

D = phase transfer coefficient (cm2/sec) 

C, = the liquid-phase concentration of contaminant I in the soil @/cm3) 

C, = bulk contaminant I concenttation in the soil (g/crn3) 

A = contaminated surface area (cm? 

d = depth of the dry zone at sampling time (cm) 

t = time measured from sampling time (sec) 

This equation assumes that the soil pore spaces connect with the soil surface, the soil conditions are 

isothermal and that there is no capillary rise of contaminant In addition, sufficient liquid contaminant 

in the pore spaces is assumed to exist so that volatilization will not deplete the reservoir of contaminant 

to the point where the rate of volatilization is affected Use of this equation simulates vapor diffusion 

as being soil-phase controlled and assumes that contaminant concentrations in the soil remain constant 

until all contaminant is volatilized to the ambient air at the surface contaminant release is assumed 

to occur by the "peeling away" of successive unimblecular layers of contaminant from the surface of 

the "wet" contaminated zone Thus, over time, a "dry zone" of increasing depth at the soil surface and 

a wet zone of decreasing depth below the dry zone develops Concentrations of the contaminant in 

the soil immediately surrounding the groundwater areas and within the groundwater are used in this 

estimation method 

The term, D ,  in the above equation is related to the amount of contaminant I that transfers from the 

liquid to gas phases and then from the gas phase to diffusion in the surface air and is estimated by 

D = D,(Pt") HI (4) 

where 0, = vapor diffusion coefficient in air (crn2/sec) 

P, = total soil porosity (dimensionless) 

HI = Henry's Law constant in concentration form (dimensionless) 

Finally, the term, HI ,  is estimated by the below equation 

HI = HI / RT (5) 

(MTM3) (01 -1 4-94 1 1  25am) 
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The Thibodeaux and Hwang equation assumes that the contaminant concentratton in the liquid and gas 

ambient air The emission rate, E,,, IS non-zero unttl the time, t,  is equal to a value, td, when the so11 

becomes dry and all contaminant has been volattlized After time t,, the volattlizatton emtssion rate is 

assumed to be zero The estimation oft,, in seconds, is obtained from the below equatton 

* 

phases in the soil remains constant until all of the contaminant has been volattlized into the surface p *  

t, = ((h2 - d?/2D)(CdCJ (6) 

where h = depth from the surface to the bottom of the alluvial aquifer (cm) 

d = depth of dry zone at sampling time (cm) 

D = phase transfer coefficient (cm2/sec) 

C, = bulk contaminant I concentration in soil (g/cmS 

C, = the liquid-phase concentration of contaminant I in the soil @/cmS 

Total surface volatilization emissions are then estimated by adding the contnbutions calculated from 

Equations (1) and (3) To estimate the diffusion of surface volatilization emissions through the floor of 

an on-site building, Darcy's law, modified for gas flow across a permeable structure wall, will be used 

to estimate the volumetric flow rate induced by surface volatile emissions and ambient air entenng into 

the building confines This volumetnc flow rate is estimated by 

where 

c 

Q,, = -k A h  (dP/dZ) 

volumetnc flow rate of induced by soil gas and ambient air - 
Qvoi - 
k - - intnnsic permeability of soil 

V - viscosity of the gas 

dP = pressure differential across floor of structure 

dZ = thickness of floor 

The concentration of the contaminant within the on-site building is then estrmated by 

resultant contaminant concentratton within the building - where C,, - 
E, - - emission rate of the contaminant below the building floor 

(MTM3) (01-14-94 11 25am) 
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volumetnc flow rate induced by the soil gas 

volumetnc exchange rate within the building 

- 
Q", - 
Qtl 

- - 

3 4 2 Model Selection Criteria Evaluation 

A considerable amount of research and field sampling has been performed to develop models that 

predict volatilization as a result of soil gas transport The SEAM models were selected because they 

are believed to best satisfy the selection critena defined in Section 3 1 

Selection Criterion 1 - 
accurately represent conditions known to occur at the site 

The selected models should be able to incorporate key processes and 

The SEAM models are capable of representing key contaminant processes in estimating soil gas 

transport The key processes in the SEAM models include treatment of soil gas diffusion to the surface 
as a result of underlying soil contamination and alsb the diffusion from areas of soil and groundwater 

contamination The models allow calculation of volatilization of specific components of a complete 

waste mixture by assuming that Raoult's Law is applicable A layer of relatrvely clean and dry soil is 
assumed to exist between the soil surface and the pnmary area of underlying soil contamination for the 

first SEAM equation (Equation (1)) The depth of this relatively clean layer will be assessed by 

examining site-specific data Equation (1) assumes that surface VOC emissions are steady-state and 
do not decay with time This assumption is consistent with site observations that there are underlying 

areas of soil contamination likely to produce surface VOC emissions at a steady rate for an extended 
penod of time Surface VOC emission contnbutions from groundwater (Equation (3)) exhibit some 

dependency with time but will probably not change total surface VOC emissions from a nearly steady 

state condition 

Examination of on-site data suggests that volatilization as a result of soil gas transport will pnmanly 

originate from underlying soil contamination areas closest to the OU6 surface and from the underlying 

groundwater 

Selection Criterion 2 - The selected models should be able to satisfy the objectives of the study 

The SEAM models estimate surface volatilization from underlying soil gas with consideration of physical 
and chemical mechanisms The resulting emission estimates can then be applied to the estimation of 
exposure point concentrations 

(MTM3) (01-14-94 1 1  25am) 
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Since air Contaminant concentrations are directly proportional to emissions estmates, the effectrveness 

of potential remediation strategies on sources of volahlization that become part of the air exposure 

pathways can be readily evaluated In addttion, the effectiveness of potential remediation strategies 

can be related to underlying soil and groundwater concentrations since these soil gas transport models 

estimate VOC emissions in nearly direct proporhon to underlying soil (waste) and groundwater 
concentrations 

Selection Criteria 3 and 4 - The selected models should be venfied using published equations and 

solutions The selected models should be complete and well documented and preferably available in 
the public domain 

'I 
f 

The SEAM models for soil gas transport are widely used and welldocumented in EPA literature for use 

in baseline, remedial and post-remedial scenanos Equation (1) has refined the widely accepted Farmer 
model which was one of the first models developed and used to predict VOC emissions from covered 

landfills Equation (3) has been widely used for estimation of surface volatilization emissions from old 
spills and leaks that have migrated below the soil surface The soil gas transport models appearing 
in the air pathway analysis series have been subject to extensive validation 

I 

Selection Cntenon 5 - The selected models should be practical and cost-effective in terms of actual 

application as well as resolution of uncertainty 

These soil gas transport models thoroughly document the proper use of input parameters and 

demonstrates their use through simulated soil gas transport scenanos Thus, these models can be 

easily placed into a spreadsheet format to handle multiple volahle organic compounds Since these 

models are public domain, there are no procurement or licensing costs for their use 

3 5 AIR TRANSPORT AND DISPERSION MODELS 

3 5 1 Introduction 

Air dispersion models simulate the transport of the ambient air volatJlization rates estimated from the 
soil gas transport model and particulate matter to specific exposure points for the air exposure 
pathways designated in Sechon 2 0 Two different air dispersion models will be uttltzed according to 

the following scenanos 

(MTM3) (01-14-94 11 25am) 
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The transport of volatile organic compounds into a building located on the surface of 

OU6 will be estimated through the use of a box model 

0 The transport of particulate matter to on-site receptors both as air contaminant 

concentrations and air deposition values will be examined through the use of a box 

model 

0 The transport of particulate matter to off-site receptors (I e , future and current off-site 

resident) both as air contaminant concentrations and air deposition values will be 
evaluated through the use of FDM 

The air contaminant concentration and deposition values provided by the air transport models will 
support and provide input to the Human Health Risk Assessment Air dispersion modeling will be 

performed in accordance with procedures descnbed in Volume IV, Procedures for Dispersion Modeling 

and Air Monitonng for Superfund Air Pathway Analysis, Air/Superfund National Technical Guidance 

Study Series (EPA-450/1-89-004) and the Guideline on Air Quality Models (EPA-450/2-78-027R) The 
model for on-site receptors will be a conventional box model that is used widely for immediate exposure 

scenanos The models for off-site receptors will be based on Gaussian dispersion and are models 
approved by EPA Both models will provide ambient air contaminant concentration and deposition 

values at the previously defined exposure points 

3 5 2 Model Selection Critena Evaluation 

The models selected to be most appropnate for OU6 are a conventional box model for on-site impacts 

and the Fugitive Dust Model (FDM) for estimation of airborne partrculate concentrations and deposition 

at off-site receptor locations These models are believed to best satisfy the selection cntena presented 

in Section 3 1 The box model will be used to model transport of volatiles to a future on-site worker 

or future resident in a building, and will also be used to model ambient particulate impacts to a future 
industnal worker, a future on-site resident, and a future ecological worker also located on-site The 

FDM will be used to model transport of airborne particulate, both as air contaminant concentrabons and 
as deposition values, at the current and future resident exposure points A discussion of how each air 

transport model meets each of these cntena is presented below 

(MTMJ) (01-14 94 11 25am) 
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Selection Cntena I - The selected models should be able to incorporate key processes and accurately 
represent conditions known to occur at the site 

The box model and the FDM air models are capable of representmg key contaminant processes in 
estimating air transport and dispersion of air emissions onginating from OU6 The box model uses 
conservation of mass pnnciples to estmate resultant air concentrations for an input emission rate 
dispersed within a fixed volume with an air exchange rate proportional to the air flow (wind speed) 
traversing the volume The box model used for estimating on-site impacts considers the dilution of air 
emissions within a given volume, defined by the honzontal dimensions of a contaminated area or af an 
enclosed structure (I e , building) and the height determined either by surface turbulence or the confined 
height of a structure The air exchange rate is dependent upon the utilized wind speed or volumetnc 
air exchange rate, if within the confines of a building The Box Model is typically used to estimate on- 
site air quality impacts only where receptors are located within the immediate areas of the emissions 
source The Box Model estimates impacts by the use of one basic equation that estimates a 
concentration within a volume centered directly above the emission source of interest that is a function 
of wind speed, emission rate and the physical dimensions of the volume This equation is 

C, = ECUA 

where, 

C, - concentration of chemical component, I, in grams per cubic meter 

E, - emission rate of chemical component, I, in grams per second 

U - Wind velocity through the volume, in meters per second 

A - cross-sectional area of the volume, in square meters 

For the building scenano, the box model equation will be modified by using an appropnate value of the 
passive air exchange rate within the building to estimate a volumetnc flow rate that is substituted for 
the product of the U x A term in the denominator 

The FDM uses Gaussian plume transport and dispersion algonthms with a gradient-transfer deposttion 
and settling algonthm to simulate air contaminant concentration and values from non-point sources at 
distances corresponding to off-site receptors The FDM was specifically developed for fugitive 

(MTM3) (01 -1 4-94 11 25am) 
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particulate matter modeling appkatrons (espeaally wind erosion) The FDM has the capahfity of 
assessing up to 100 area SOUTCBS, 200 receptor points, and 20 partrcl% size classes FDM IS unQue 
in that can assass rectangularly &ped area sources, not just square or circular Thle capatrllty 
allows FDM to model area sources using a gmrnetry that mare closely approximates their actual strap 
FDM can hlize constant BS well as vanable e m a o n  rates FRM can alsa calculate grwnd-levet 

concentrattons elther with settltng and depositron fundons {as with particulate matter), or wrthout (as 
with gaseous ccshtammantsf The F D M  has the capablldy to model for short (I- 3-, 8-, and 24-hwr) 
and long (annuaQ term averaging penods. and uses meteorological dah rn ather hourly or StaMllty 
Array (STAR) formats 

- -- 

By uvng t b ~  AP42 (EPA $ 9 8 8 ~ )  emson mdek (€PA lS88c) for fugnive partlcuhte ermssion 
estimation. %e FDM model IS not requtred to apply correctran factors to accaunt for varylng types of 
land surfaces However the FDM will allow forthe &red computation ofthe contarnutant emlsslon rata 
as a fundlan of the wmd speed or allow the mar to input a constant emtsioc) rate. In thra way, ths 
mod4 can assess short-term and long-term impads 

Receptor locations are evaluated by their relative distance (x,y) from the source and W r  elevation (z) 
(EPA 1988b) The modeling of parbculde (tadionuclida) impacts at off-site receplom at the penmeter 
of OU-6 wdl be perfoformed by dividing the enhe area of O M  into areas tepresentabvo of a s p i k  
radionuchde sal concentratfon and estimating the m u b t t v e  impact of wnd emsiun from atl these 
separate area SWJC~S Thus. ambient radbnucltde modefing at the aff-sta receptors wtll condor the 
cumulative impacts from all radionudide-baanng surfma1 sa& an OW4 

On-sle ambent radionuclide irryrscts from OU4 wl be modeled by deslgnatrng an area that 
consematwely represents observed surficial sod mncentratrons of radionuclides n e  radionuclide sal 
concentrabon used for thts rewesentative location wll be obtained hrn estimaffng the reasonable 
rnmirnum exposure @ME of all surficral sot) radionucnde mncentratrons sampled on OU-6 The sfte 

of the area wtfl correspond to an average size of one of the areas designated tn the of f40  partmiate 
(radionuclide) modeling A slmiler appmacb will be used for estvnaimg VOC concentrabwrs wrttun an 
on-sde hiding RME velues of sub-surface SOIL and gra-ater VQC woncentratJons wlll be USBd to 

estfmate an amknt  VOC impact wthrn an akcite bullding, located on O M  

(MfM3) (41-14 94 17 25am) 
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Selection Cntena 2 - The selected models should be able to satrsfy the objectives of the study 

Output from these models either as air contaminant concentrations or as deposition values at the 
designated exposure points will provide input for the assessment of human health nsks The ability of 
these models to simulate the transport and dispersion of particulate supports the objective of the 
modeling effort 

The multiple compounds potentially identified as contaminants of concern will be easily handled by the 
selected air dispersion models through a multiplicative factor (the ratio of a specific compound source 
term to a unit emission rate) that is multiplied by the estimated ambient impacts from a unit emission 
rate (I e , because of the linear relationship of air concentration to input emission rate) In addition, 
each of these models can be used to evaluate the effectiveness of potential remediation strategies by 
simply varying the source term as a function of the remediation strategy being examined 

Selection Critena 3 and 4 - The selected models should be venfied using published equations and 
solutions The selected models should be complete and well documented and preferably available in 
the public domain 

Both models are recommended by EPA as the most representative methods for determining respective 
transport and dispersion charactenstics for VOCs and inorganic metals, semi-volatiles and radionuclides 
in particulate form These models have been used extensively on both non-remedial and remedial 
studies (The FDM model has undergone several validation studies with favorable results Despite 
these results, EPA has not officially designated FDM as a validated model) 

Selection Critenon 5 - The selected models should be practical and cost-effective in terms of actual 
application as well as resolution of uncertainty 

’ I  Both models are readily available since they are public domain models and do not require special 
procurement or licensing costs Their use is welldocumented and both models are designed to 
execute on PC-compatrble computers Support for use of these models is also readily available Their 
relative ease of use and wide acceptance of the modeling results makes them preferable over other 
available models 

I 

(MTM3) (01-14-94 11 25am) 
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3 6 SUMMARY OF PARAMETER VALUES - 

This section presents a summary of the data currently available to estrmate model parameter values 

for groundwater, surface-water, and air modeling Where available, site-specific data collected dunng 

the Phase I RFVRI investigations or earlier studies will be used If site-specific data are not available, 
published literature values will be used in the modeling aavihes 

Tables 3-1, 3-2, 3-3, and 3-4 present a summary of data currently available to estimate model 

parameters The available data were compiled based on a review of previous investigations and the 
data currently available from the Phase I RFVRI investigation, or general literature In the case of 

chemical parameter values, development of the list of contaminants of concern (COCs) has not been 
completed at this time Therefore, it is not possible to summarize chemical parameter data for each 

of the COCs at this time Chemical parameter data will be compiled following EPA approval of the 
COC technical memorandum to be submitted later 

The data presented in Tables 3-1, 3-2, 3-3, and 3 4  are preliminary and, in some cases, are not site 

specific The data values or ranges of values are not intended to be fixed or final The ranges are 
presented to convey what is currently known of the potential vanability in parameter values that may 

be used in the models 

The meteorological data to be used will be one year hourly meteorological data set from 1991 or 1992 

from the ten meter level of the West Buffer Zone 61 meter tower The Rocky Flats Plant meteorological 

monitoring program includes one 61 meter (m ) tower instrumented with Prevention of Significant 

Detenoration (PSD) quality equipment at three levels (10 m , 25 m , and 60 m ) located on the west 

side of the plant property, outside of the plant secunty fence The 10 m data mll be merged with 
concurrent mixing height data from Stapleton International Airport Stability class will be determined 

from sigma theta and wind speed measurements obtained from the West Buffer Zone meteorological 

database Maximum wind speed data from this site may also be used to estimate wtnd erosion 
emissions 

The data used as inputs for the air models will be pnmanly from recent OU6 soil sampling and 

groundwater monitonng programs performed as part of the OU6 RFI/RI report These data include 

t Suficial soil grain size data and analyttcal data for metals, radionuclides, semi-volatiles and 
volatile organic compounds from all the IHSSs located within OU6 

(MTMJ) (01-14-94 1 1  25am) 
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+& 
t - @& Groundwater VOC concentration data gathered from the recently installed eleven OU6 
monitonng wells wll be used to estimate vapor-phase Concentrations for the on-slte building modeling 

t Subsurface soil VOC concentration data for the onsite building modeling will be obtained from 
soil bonng sampling conducted at locations near the surficial soil sampling locations on the OU6 IHSS's 

(MTM3) (01-14-94 11 25am) 



TABLE 3-1 

PARAMETER VALUES FOR GROUNDWATER MODELING 

Parameter Unds Range of Values Source 

Properties of Colluvium/Alluvium 

Hydraulic Conductlvdy cm/sec 105- 103 Freeze and Cherty (1979) 
and OU6 and OU2 site- 
specdic data 

Effective Porosdy 

Bulk Denstty 

% 3 - 1 0  OU6 and OU2 site-specdic 
data 

lb& 94-1 30 Das (1985) and OU6 and 
OU2 site-specrfic data 

Retardation Factor Dimensionless 1-10 OU2 site-specrfic data for 
specrfic contaminants 

Biodegradation Half-Lde Days 7-1 825 Howard, et al (1991) for 
specrfic contaminants 

(4036-362 ooSocU1) (TABLE 3-1) (01/12/94 lo-) Sheet 1 of 1 



" x SURFACE WATER MAJOR PARAMETER VALUES 

PrecipitationlRunoff 
Nominal soil moisture storage (LZSN,UZSN) 

Infiltration capacity index (INFILT) 

Groundwater recession rate (AGWRC) 

Interception storage capacity (CEPSC) 

Trade off between interflow and surface runoff (INTFW) 

Interflow recession parameter (IRC) 

Air temperature below which precipitation will be snow (TSNOWI 

Fraction of the land segment which is shaded from solar radiation 
(SHADE) 
Interception storage capacity of an impervious surface (RETSC) 

Soil erosion 

Initial storage of detached sediment (DETSB) 

Fraction of detached sediment which reattaches each day (AFFIX) 

Flux tolfrom atmosphere fromlto detached storage (NVSI) 

coefficient for detached sediment washoff (KSER) 

Coefficient for soil scour (KGER) 

Hydrodynamics 

Median diameter of bed sediment (DB50) 

Channel characteristics as functions of the water surface elevation 

depth 

surface area 

volume 

inches 

mhr 

per day 

inches 

none 

per day 

deg F 

none 

inches 

t onslacre 

per day 

Ibs lacre day 

none 

none 

inches 

feet 

sq feet 

cubic feet 

01 100 

0001 - 100 

001 1 0  

0 10 

min of 0 (no max) 

0 1 0  

30 40 

0 1  

0 10 

min of 0 (no max) 

0 1  

none 

0 1  

0 1  

0001 100 

none 

none 

none 

Sheet 1 of 2 I 
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TABLE 3-2 

SURFACE WATER MAJOR PARAMETER VALUES 

Parameter Units Ranae of Values' 

Contaminant Fate 

Ratio of volatilization rate to oxygen reaeration rate (CFGAS) none nun of 0 (no max) 

Partitioning coeffecient between dissolved and suspended states (KDJ) llmg 0 (no max) 

First order biodegradation rate constant (KBIO) per day 0 1  
1 

Parameter ranges were obtained from the HSPF User's Manual, 1984 

OU6 site specific data will be used where available 

14036362.00974211 IMUPAWS XLSll1112194 11 15 AM1 Sheet 2 of 2 
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TABLE 3-3 

PARAMETER VALUES FOR SOIL GAS MODELING 

Parameter Units Range of Values Source 

Surface Area of IHSS Cm2 10’ - 10” Phase II  RFI/RI Workplan 

Surface Cap Thickness cm 10’ - lo2 OU6 sde-specdic data 

Soil Cap Air-filled Porosity % 25-35 OU6 sde-specdic data 

Vapor Diffusion Coeff in Air cm2/sec l o 2  -10’ Compound-specdic, SEAM 

Thickness of contaminated soil cm 10 OU6 site-specdc data 

Weight fraction of contaminant in 919 109-105 OU6 stte-specdic data 
waste 

lntnnsic permeabiltty of soil cm2 1 0 9-1 0 7 OU6 sde-specdic data 

Liquid-phase concentration of g/crn3 1 03-1 00 OU6 stte-specdtc data 
contaminant 

(DOE 1992a) 

(1 988a) or Lyman (1 982) 

(4036-362 0097-821) (TABLE 3.3) (01/12/94 10 51am) Sheet 1 of 1 



TABLE 3-4 

PARAMETER VALUES FOR AIR TRANSPORT AND DISPERSION MODELING 

Parameter Units Range of Values Source 

Joint frequency dtstnbution of Unitless 
stability class, wind speed and 
direction 

Mean annual morning and m 
afternoon mixing heights 

Particle size Pm 

Particle size distribution Unitless 

Contaminated area (surface m2 
dimensions) 

Ground Coverage % 

Receptor location, above source, m 
distance from source 

Surface roughness cm 

fraction of one, total 1992 West Buffer Zone data from 
sum of all entries is EG&G 
one 

250-4000 Data from Stapleton for 1992 

1-80 OU6 stte-specdic data 

fraction of one, total OU6 stte-specrfic data 
sum of all entries is 
one 
i o 3  - io4 OU6 site-specdic data 

0-1 00 Aerial photos, on-site 

1-io3 

(unvegetated area) observations 

Scaled maps of elevation of study 
area 

1-1 00 Slte observations correlated wtth 
documented criteria on assigning 
appropriate surface roughness 
value 

(4036.362 0097 821) (TABLE 34) (OW% 10 S a m )  
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4 0  
SUMMARY 

In order to model the fate and transport of contaminants at OU6 to specific exposure point locations 

for the Human Heatth Risk Assessment, several models have been evaluated for application to 

groundwater, surface water, and air modeling Model selection was based on the following five cnteria 

1 

2 
3 

4 

5 

The selected models should be able to incorporate key processes known to occur at 

the site 

The selected models should be able to satisfy the Objectives of the study 

The selected models should be venfied using published equations and solutions 

The selected models should be complete and well documented and preferably 

available in the public domain 

The selected models should be practical and cost-effective in terms of actual 

application as well as resolution of uncertainty 

The following models were selected to meet the requirements of the modeling study 

8 The ONE3D analytical model for contaminant fate and transport in groundwater Water 

The HSPFS model for surface water fate and transport 

The SEAM models for soil gas fate and transport, a box model for on-site ambient air 

balance analyses will support the ONED3 analyses 
8 

8 

contaminant fate and transport, and FDM for off-site ambient air contaminant fate and 

transport of OU6 source air emissions 

Data currently available for use as input for the modeling activities were evaluated Tables 3-1, 3-2, 

3-3 and 3-4 summanze the data currently available to estimate model parameters Data from the 

Phase I RFI/RI investigation will also be used in the modeling effort once those data become available 

(MTM3) (01 14-94 11 25arn) 



EGLG ROCKY FLATS PLANT Manual 21100-WP-OU6 01 
RFI/RI Work Plan for OU6 

Sectton Appendoc I Rev 0 

Effectnre Date 01114l94 
Organtzation Environmental Management 

Page 43 of 45 

5 0  

REFERENCES 

il 

'I 
'I 
4 

Ambrose R B , Jr and T 0 Barnwell, Jr 1989 Environmental Software at the U S Environmental 

Protection Agency's Center for Exposure Assessment Modeling, in Environmental Software, 
Vol 4,  No 2 

Beljin, M S 1989 SOLUTE (ONEDJ), A Program of Analytical Models for Solute Transport in Ground 
Water International Ground Water Modeling Center, Colorado School of Mines, Golden, 
Colorado 

Bond, F , and S Hwang 1988 Selection Cntena for Mathematical Models Used in Exposure 
Assessments Ground Water Models, U S Environmental Protection Agency, EPA160018- 
881075 

Crawford, N H , and R K Linsley 1966 Digital Simulation in Hydrology Stanford Watershed Model 

IV Department of Civil Engineenng, Stanford University, Stanford, California, Technical Report 
39 

Das, B 1985 Principles of Geotechnical Enaineenng PWS Publishers Boston, Massachusetts 

Department of Energy, U S (DOE) 1992a Final Phase I RFI/RI Work Plan for Walnut Creek Pnonty 
Drainage (Operable Unit No 6) June 1992 

DOE 1992b Description of Models for the Public Health Evaluation, Operable Unit One, Rocky Flats 

Plant, Colorado, Technical Memorandum No 7 May 1992 

DOE 1993 Technical Memorandum No 2,  Human Health Risk Assessment, Walnut Creek Pnonty 
Drainage, Operable Unit No 6, Exposure Scenanos, Draft, Rocky Flats Plant, May 1993 

Donigian, A S Jr , and N H Crawford 1976 Modeling Nonpoint Pollution for the Land Surface 

Environmental Research Laboratory, Athens, Georgia, EPA 600/3-76-083 

(MTMS) (01-14-94 1 1  25am) 



EG&G ROCKY FLATS PLANT Manual 21 lOO-W-OU6 01 
RFllRl Work Pian for OU6 

Section Appendu I Rev 0 
Page 44 of 45 
Effectwe Date 01114194 
Organization Environmental Management 

EGBG 1991a Rocky Flats Plant Site-wide Quality Assurance Project Plan for CERCLA Remedial 
Investigations/Feasibility Studies and RCRA Facilrty Investigations/Correctrve Measures Studies 

Activities, U S Department of Energy, Rocky Flats Plant 

E G & G  Rocky Flats, Inc (EG&G) 1991a Rocky Flats Plant Site Environmental Report (1990) 

EPA 1988a Superfund Exposure Assessment Manual (SEAM), EPA 540/1-88/001, Apnl 

EPA 1988b User's Guide For The Fugitive Dust Model (FDM), EPA-910/9-88-202, June 

EPA 1988c Supplement B to Volume I of the Compilation of Air Pollutant Emission Factors, AP-42, 
Section 1 1  2 7 Office of Air Quality Planning and Standards, Research Tnangle Park, NC, 

September, 1988 

EPA 1990 AirISuperfund National Technical Guidance Study Senes, Volume I I  - Estimation of 
Baseline Air Emissions at Superfund Sites Office of Air Quality Planning Standards, Research 

Tnangle Park, NC, August, 1990 

Farino, W , P Spawn, M Jasinsh, and B Murphy 1983 Review of Landfill AERR Models In 
Evaluation and Selection of Models for Estimating Air Emissions from Hazardous Waste 
Treatment, Storage and Disposal Facilities Revised Draft Final Report Contract No 68-02- 

3168, U S Environmental Protection Agency, Office of Solid Waste, Land Disposal Branch 

Freeze, R A and J Cherry 1979 Groundwater Prentice-Hall, Inc , Englewood Cliffs, NJ 604 p 

Holzworth, G C 1972 Mining Heights, Wind Speeds, and Potenaal for Urban Air Pollution throughout 
the Contiguous United States AP-101, Environmental Protection Agency Research Tnangle 

Park, NC 

Howard, P H , R S Bothling, W F Jarvis, W M Meylan, and E M Michalenko 1991 Handbook of 

Environmental Dearadation Rates Lewis Publishers 725p 

Interagency Agreement (IAG) 1991 Rocky Flats Interagency Agreement between the State of 

Colorado, the Environmental Protection Agency, and the Department of Energy January 1991 

(MTM3) (01-14-94 11 25am) 



EG&G ROCKY FLATS PLANT Manual 21100-WP-OUG 01 
RFllRl Work Plan for OU6 

Secbon Appendn I Rev 0 
Page 45 of 45 
Effectwe Date 01114194 
Organtzation Environmental Management 

k 

Lyman, W J , W F Reehl, D H Rosenblatt 1982 Handbook of Chemical Property Estimahon 
Methods McGraw-Hill New York, New York 

Thibodeaux, L J and S T Hwang 1982 Landfarming of Petroleum Wastes - Modeling the Air 
Emission Problem In Environmental Progress, Vol 1, No 1 

van der Heijde, P K M , and R A Park 1986 U S EPA Ground Water Modeling Policy Study Group, 
Report of Findings and Discussion of Selected Ground Water Modeling Issues, International 
Ground Water Modeling Center 

(MTM3) (01-14-94 11 25am) 



E 

8 
9 

m 

c 

0 
0 
0 

0 
0 
0 

0 

c L.7 



c 
I z 



q L 

I 

t 

E 

r 

4 - 

rri f 
iff J ---I 

-- 

1 - 
e-- - -- 

- I * -  

TI L - 
3 

5 
T 

1 

I I I I 1 1 . f  - 7- 



P 
x 
w 

P 



+ < 


